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Method for modification of glass-based microchann I 



BACKGROUND OF THE INVENTION 

5 

FIELD OF THE INVENTION 

The present invention relates to a method for nnodification of glass-based 

microchannels. It can be applied to various electrophoresis separation devices 

without occurrence of electro-osmosis flow effect during the material detection 

10 such as DNA, protein, anions, cations and the like. 

DESCRIPTION OF THE RELATED ART 

The capillary electrophoresis has been widely applied in all kinds of 

biochemical analysis domain for having advantages such as short separation 

15 time, less sample injection volume, high sensitivity, and convenient instrument 

operation. Recently, the capillary electrophoresis is further widely used in 

biological samples, such as protein and DNA, or chemistry-based analysis 

research. In 1981, Jorgenson et al. [1] used the capillary having inner diameter 

of 75 //m to separate the amino acid and detect fluorescence signals. This 

20 method became the basic structure of current capillary electrophoresis 

analysis technique. Because this method provided the advantages not found in 

the traditional system, it was widely utilized and developed. In recent years, 

following the development of micro-electro-mechanical-system (MEMS) 

technique, there presents various micro-fluid biomedical detection chips 

25 produced by the MEMS process. In 1992, Harrison et al. [2] employed the 

MEMS techniques to fabricate planar microchannels in glass for conducting 

the electrophoresis on capillary chip, which was associated with the optical 

detection system to successfully separate the samples on the glass 
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micro-fluidic chip. Not only could this technique greatly reduce the separation 
time, but it also reduces the sample usage and the analysis cost. 

However, the main material for the substrate of the conventional glass 
capillary or producing planar microchannels is the fused silica, wherein the 
5 Si-OH on the surface is easily dissociated to form the Si-O* with negative 
charges. Thus, when the capillary is full of the buffer solution, it will form the 
electro-double-layer (EDL), wherein the first layer is a stern layer formed by 
attaching with positive material in the solution attracted by the negative Si-O' 
on the capillary wall; and, the second charged layer is formed by superfluous 

10 positive material attracted simultaneously at farther location on the capillary 
wall, and the charge density is decreased in an exponential trend with the 
increased distance from the capillary wall to form the diffusion layer. Due to 
the existence of the EDL, it will induce the Zeta potential between the capillary 
wall and the operation solution. Under the effect of the electrical field, the 

15 solution in the capillary will flow entirely, so as to generate the bulk motion of 
electro-osmosis flow (EOF), which is characterized in that the fluid velocity in 
the microchannel is uniformly distributed, but not the parabolic distribution for 
the conventional pressure-driven pipe flow. The mobility of the 
electro-osmosis flow for the solution in a uniform electric field is given as the 

20 formula below: 

wherein, 

// eo- mobility of electro-osmosis flow in the solution 
e : dielectric constant of the solution 
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C : interface potential (Zeta potential) 

77 : viscosity of the solution. 

On the other hand, in the capillary electrophoresis, because. the charged 
particles have their own electrical electrophoresis mobility // ep, and the 
5 solution itself also has the electro-osmosis flow mobility // eo, the actually 
observed overall mobility /i ap is the sum of both values. 

ap " eo ep 

The positive ions are attracted by the negative electrodes, and also with 
the electro-osmosis flow speed to cause the materials with positive charges to 

10 move faster {fieo^ndi /lep have the same direction), and the materials with 
negative charges are repulsive with the negative electrodes (cathodes) and 
moving in a lower speed (//eoand ^©p have the opposite directions). The 
moving speed of neutral ions equals to the electro-osmosis flow. Thus, if it is 
the electro-osmosis flow in the system that channels the flow of the separating 

15 material, the separation efficiency would be undesirable, or even not able to 
separate samples. Because the ;^eoand //ep move in opposite directions, 
the material led by the electrophoresis will be brought back to the original place 
by the electro-osmosis flow. It can be noted that to restrain the occurrence of 
electro-osmosis flow becomes the key point for achieving higher or lower 

20 separation efficiency in many applications. 

The method for insulating the glass surface from the operational solution 
by glass surface modification had been disclosed by Hjerten [3] in 1967, which 
used the chemical treatment to generate the covalent bonding for the -OH 
functional group on glass surface with silane, and cover the glass substrate 
25 with the bonded organic molecules. This method had been widely utilized. 
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Yet in 1985, Hjerten disclosed a method of using linear polyacrylamide for the 
modification on the inner wall of glass capillary [4]. After this technique had 
been applied in the protein separation, numerous researches were conducted 
by using the same method for the surface modification of glass capillary for 
5 proteins, DNA or polypeptides researches. Furthermore, all kinds of different 
modification methods have been continuously disclosed, such as using Si-OH 
group on the glass surface for silanization being one of the major methods for 
modification [5-7]. Moreover, Schomburg et al. [8] used a series of polarized 
organic molecules having -NH2 group to form the covalent bonded hydrophilic 

10 molecular film on the glass surface for reducing the electro-osmosis effect on 
the glass surface. Furthermore, another major system uses the polyvinyl 
alcohol (PVA) organic molecule for forming covalent bonds with Si-O-Si 
chemical bonds in the glass to isolate from the glass substrate [9-10]; or, using 
esterization [11], or thionyl chloride and magnesium bromide to react with the 

IS glass surface [12]; or, using polyacrylamide [13], or poly(glycidyl mechacrylate) 
(PGMA) to form the covalent bonds with the Si-OH group on the glass surface 
[14] to achieve the modification. A similar method disclosed by Lwinweber in 
2001 used poly(2-hydroxyethyl methacrylate) (PHEMA) organic polymer [15] 
to conduct the modification on capillary wall and verify the performance. 

20 Lately, US Patent No. 6375818 B1 disclosed using poly(vinylpyrrolidone) 
organic polymer for the modification of capillary [16]. 

The conventional glass modification methods all used organic compounds 
to react with the functional groups on glass surface for chemical reactions. 
Although these methods had been verified, there are still lots of problems 
25 needed to be solved. For example, the above-mentioned methods all need 



03p0492 



-4- 



long-time chemical reactions, because the processing steps are processed 
one by one, thus rendering these methods unable to mass production. 
Therefore, tremendous amount of time would be wasted, a result that is not 
economically efficient. Furthermore, most of the glass surfaces have to keep 
5 moist after modification; otherwise the processed layer will be ineffective due 
to drying. This feature makes the capillary hard to be preserved after 
processing, or cost has to be spent for preservation, so as to limit the 
availability of commercialization. Moreover, because these methods use the 
Si-OH groups on the glass surface for chemical bonding, the methods are 

10 available for processing the pure silica glass, such as crystal or fused silica, 
but problems would be caused while processing sodium glass containing 
complex components. Because the sodium glass contains Na20 (13.7%), 
CaO (8.8%) and MgO (4.0%), components that are difficult to conduct 
chemical reaction with the added organic molecules. Thus, using these 

15 methods for modification might cause undesirable processing efficiency. 

SUMMARY OF THE INVENTION 
Owing to the various disadvantages in the related art, the present 

invention provides a method for modification on the surface of glass substrate 

20 comprising the following steps: forming a film by coating liquid organic-based 

solution on the surface of glass substrate; applying heat treatment on the 

substrate coated with the organic-based solution to cross-link and solidify the 

coating layer; and completing the modification process according to the 

present invention. 

25 The glass substrate can be quartz, boron glass, sodium glass or other 

glass material. Other materials including silicon, silicon based materials, metal 
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and ceramics could be used. 

The method is preferably applied for the modification of glass-based 
microchannels (such as microchannels on micro-fluidic chips) comprising the 
following steps: filling the liquid organic-based solution in the glass 
5 microchannels; removing the superfluous organic-based liquid; and, applying 
heat treatment for the glass microchannels covering with organic-based 
solution to cross-link the liquid materials. 

The organic-based solution is preferably the organic-based spin-on-glass 
(organic-based SOG), wherein the chemical component is mostly the organic 
10 polymer, such as siloxane or silsesquioxane. 

The step of heat treatment is to bake the glass microchannels covering 
with polymer in a high temperature furnace under the appropriate temperature 
for a proper period of time. The foregoing temperature is preferably at 425°C . 

The step of heat treatment can be conducted directly in a normal 
15 atmosphere to achieve excellent effect. More preferably, it can further fill the 
inert gas, such as nitrogen, argon, neon, and the like, in the high temperature 
furnace to conduct the heat treatment in the inert gas atmosphere. 

After the cross-link and solidification of organic-based SOG, it will have 
two functional groups side links Ri and R2, wherein Ri and R2 can be the 
20 functional groups, like H, CH3, CH3CH2, CH3CH2CH2, CeHg, CF3CH2CH2, and 
the like, or other derivative organic functional groups. 

The present invention uses a method for modification on microchannel 
surface of glass substrate in a simple, fast and batch process, which eliminates 
the complex and time-consuming chemical processing steps, like silanization, 
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esterization, and uses the spin-on-glass (SOG) in a conventional 
semiconductor processing for modification. The modification possesses the 
combination of physical and chemical properties, so that it can use any kinds 
of glass substrates, even material other than glass substrate such as silicon, 
5 metal or ceramics. Moreover, the present invention does not include complex 
and time-consuming chemical reaction processes, so that it can greatly reduce 
the processing steps, and can conduct microchannels mass production to 
improve the productivity. The substrate after processing can also be 
preserved in the air, so that, without special preservation environment, it can 
10 preserve the features for months to reduce the preservation cost. The 
method according to the present invention can provide a complete solution for 
the modification of microchannels for various glass substrates. 

BMEF DESCRIPTION OF THE DRAWINGS 
15 FIG. 1 is a chemical formula for siloxane organic spin-on-glass after 

cross-linking and solidification. 

FIG. 2 is a chemical formula for silsesquioxane organic spin-on-glass after 
cross-linking and solidification. 

FIG. 3 is a cross-sectional image from scanning electron microscope 
20 (SEM) for the organic-based spin-on-glass after solidification and cross-linking. 

FIG. 4 is a diagram for cross-type micro-electrophoresis chips. 

FIG. 5 is an electrophoregram obtained by separating Haelll digested (D 
X-174 DNA segments from the cross-type micro-electrophoresis chips after 
modification by the method according to the present invention. 

25 FIG. 6 is an electrophoregram obtained by separating Haelll digested O 
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X-174 DNA segments from the chips preserved in the air for 45 days after 
modification by the method according to the present invention. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 

The spin-on-glass (SOG) used for the modification on the surface of glass 
microchannels according to the present invention is an organic-based SOG 
with the chemical components mostly the organic polymer, such as siloxane or 
silsesquioxane, and the chemical formula after cross-link polymerization as 

10 shown in FIG. 1 and FIG. 2. The SOG before cross-linking is a colorless and 
transparent liquid with low viscosity, which will form an extremely thin and 
colorless layer after heating and cross-linking with the thickness at about 
1,000-3,000 A depending on the types of SOG. The present invention can 
effectively isolate the Si-OH group on the surface of glass substrates (such as 

IS quartz, boron glass, sodium glass, or other glass material) from the 
environment. In addition, because the chemical functional groups exposed to 
the environment after cross-linking are the organic molecular groups, it can 
greatly reduce the electro-double-layer (EDL) effect, and restrain the 
occurrence of electro-osmosis flow. 

20 The operation of spin-on-glass (SOG) according to the present invention 

is extremely simple, which mainly includes the following steps: 

a. Filling of organic-based SOG: 

The SOG solution can be filled up in all the space of glass microchannels 

by the capillary force; then, sucking out the superfluous SOG by vacuum 

25 suction; and, the SOG solution can form a thin layer on the surface of glass 

microchannels; 



03p0492 



-8- 



b. Heat treatment: 

The glass microchannels after the step a are placed in a high temperature 

furnace with nitrogen environment (or under normal atmosphere) at 425°C for 

one hour, to complete the modification procedure for SOG. The mechanism 

5 of cross-linking and solidification for SOG is to form the Si-O-Si covalent 

bonding by the Si-OH group in SOG monomer with another Si-OH group by 

removing one water molecule in high temperature, so that it can react with the 

Si-OH group on the glass surface, or react with the Si-OH group in the 

neighboring SOG molecule. Thus, the SOG film has the chemical covalent 

10 bonding with the glass substrate to increase the attaching force. Moreover, 
the Ri and R2 organic molecule groups bonded with Si atom (as shown in FIG. 
1) have excellent chemical stability, which is not easily oxidized (wherein Ri 
and R2 may be the functional groups, like H, CH3, CH3CH2, CH3CH2CH2, CeHs, 
CF3CH2CH2, and the like, or other derivative organic functional groups.) 

15 Therefore, the surface after processing can be preserved in the air for months, 
but still possess the desired features, and the organic functional groups 
exposed on the surface will not be reacted with most kinds of acid and alkaline 
solutions. Therefore, the glass microchannels after modification according to 
the present invention can be cleaned by the acid or alkaline solutions without 

20 influencing the chemical component on the surface, which is convenient for 
operations in the laboratory. 

The advantages and performances provided by the method of 
modification for glass microchannels according to the present invention are 
further described with the following examples. 

25 
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Example 1 

This example is to conduct the above-mentioned modification step, 
wherein the SOG uses a commercialized organic-based spin-on-glass 
(silsesquioxane series). After modification on glass microchannels, the 
5 cross-section for the microchannels from the scanning electron microscope is 
shown in FIG. 3. The amplification of the image is 40,000 times. The grain 
material on the upper half of the figure is the grain of the glass substrate 1 , and 
the middle is an SOG film 2 with a thickness of about 158 nm. From the 
figure 3, the SOG film can completely cover the glass substrate 1 to isolate the 
10 chemical structure of glass surface from the environment, so that it can 
effectively restrain the occurrence of electro-osmosis flow. Moreover, the 
surface of SOG film after cross-linking and solidification provides excellent 
smoothness, and the smooth surface of the mircochannel is beneficial to the 
desirable separation efficiency of electrophoresis separation for the chip. 

15 

Example 2 

This example is to apply the method of modification for glass 
microchannels according to the present invention to a cross-type 
electrophoresis chip 3, as shown in FIG. 4, wherein the microchannels 4 have 

20 the depth of 40 p. m, the width of 100 fi m, the length for separation channel 
of 40 mm. The chip is configured with four holes 5 for the liquid to flow in and 
out. The sample for this example is aOX-174 DNA segment decomposed 
from Hae III restriction enzyme with the concentration of 500 ng/^L. The 
electrophoresis buffer solution during operation is TBE (tetra-borate-EDTA), 

25 which is added with 1.2% of HPMC (hydroxypropylmethel cellulose) as the 
molecule filter and added with 1% of Yopro-1 fluorescent dye for reaction with 
DNA samples. The injection voltage for the operation samples is 0.4 kV, and 
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the injection time is 30 seconds. The separation voltage is set at 1 .2 kV, and 
the separation time is 2 minutes. The diagram for the electrophoresis 
separation result is shown in FIG. 5. From the figure, the 11 segments of <D 
X-174 DNA can all be separated on the surface modified chip, and the 
5 separation effect is excellent. Even the two segments 5a and 5b not easily be 
separated (two signal peaks of 271 and 281 base pairs) using the conventional 
methods, which can still be effectively separated in this example. On the 
contrary, if using the glass chip without the modification for the same 
experiment, no signal can be obtained. It can thus be ascertained that using 
10 the method of modification for glass microchannels according to the present 
invention can effectively restrain the occurrence of electro-osmosis flow, and 
provide excellent separation efficiency for separating DNA samples. 

Example 3 

IS In order to prove that the glass chip after processing according to the 

present invention only needs to be preserved in the air, the present invention 
put a chip after modification into a sealed bag for 45 days, and then took out 
and rinsed with 1 N of HCI and 1 N NaOH solution for 5 minutes, respectively, 
and rinsed with de-ionized water for extra 5 minutes. Then, with the same 

20 operation conditions as in Example 2, it again conducts the separation tests 
for (I)X-174 DNA, and the separation result is shown in FIG. 6. It can be 
proved that the chip after modification can be preserved in the air for 45 days 
with the processing according to the present invention, and features thereof 
can still be maintained after modification. And, after rinsing with cleaning 

25 solution HCI and NaOH frequently used for the capillary electrophoresis, 
excellent separation result can still be maintained. Thus, the method of 
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modification according to the present invention can resist the erosion of 
general acid and alkaline solutions without changing the chemical features for 
the surface, so that it can greatly reduce the preservation cost for the chip. 

In conclusion, the present invention provides a method for modification on 
5 microchannels for glass substrate, which is different from the conventional 
chemical method of using silanization to form the covalent bonding for the 
Si-OH group on glass surface with the silane or poly-vinyl-alcohol compounds 
to achieve the modification purpose. On the contrary, the present invention 
uses an organic-based spin-on-glass (SOG) to attach a layer of organic 

10 polymer film on the surface of glass microchannels, and isolate the molecules 
on glass surface from the solution in the channel to restrain the occurrence of 
electrical-double-layer effect, so as to restrain the occurrence of 
electro-osmosis flow. Not only can this method greatly reduce the time and 
cost for the modification of glass substrate, but it also processes large amount 

IS of glass substrates at the same time, therefore, it can increase the production 
performance and reduce fabrication cost. Furthermore, the chip after 
modification needs only to be preserved in a normal environment with room 
temperature and pressure, and the effective period can be as long as several 
months, so that it can reduce the preservation cost. Moreover, the modified 

20 chip has excellent chemical stability, and it can be used in all kinds of acid and 
alkaline environment without being degraded. It can be noted from the 
above-mentioned advantages that, the present invention provides a solution 
for the modification process for glass substrates, and also an important 
technique for commercialization of glass micro-fluidic detection systems. 

25 
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